In the winter, large-scale passenger airports in northern China, aircraft deicing is a common job. This is because in the rainy and snowy weather in winter, the surface of the aircraft will freeze, and the aircraft is strictly forbidden to take off in the icing state. Therefore, there is a special de-icing platform in the airport to de-ice the aircraft. The deicing fluid containing chemical substances stays on the surface of the de-icing concrete, which will cause the concrete aggregate to peel off and crack, forming FOD and endangering flight safety. Therefore, this paper studied the properties of ethylene glycol deicing fluid and the freeze-thaw cycle damage test of concrete under the action of deicing fluid. The test results show that the low concentration deicing fluid has a greater damage to concrete freeze-thaw. In addition, the article uses finite element software to simulate the two-dimensional concrete frost heaving damage. The simulation results show that the damage propagation in the crack will be along the weak inner surface of the concrete, mainly along the concrete aggregate; under the same conditions, the influence of the depth of the crack on the concrete damage is greater than the impact of the crack width on the concrete damage.
Introduction
In the winter rain and snow season, the outer surface of the aircraft is easily covered by ice and snow, resulting in rough surface and increased self-weight of the aircraft, which has become one of the main factors threatening flight safety. Especially when the surface of the aircraft body is unevenly covered with snow and ice, it can cause serious eccentric load of the aircraft itself, which can easily lead to aviation disaster. In the history of world aviation, there have been many air disasters caused by bad snow and ice weather. Flying crews, crews and dispatchers should attach great importance to the damage caused by winter meteorological conditions. Therefore, in order to ensure normal shipping and flight safety, the deicing of the aircraft surface has become an indispensable main task for busy airports in cold regions [1] ; at the same time, the waste liquid generated by aircraft deicing is inevitably on the apron, etc. The pavement produces erosion.
In order to ensure the safety and reliability of the aircraft during the rapid taxiing on the runway, it is usually required that the coefficient of friction of the road surface is not less than 0.5, and it is obviously difficult to meet the requirements of the icy road surface. For this reason, the ice surface must be de-iced in time. De-icing operations usually use the auxiliary method of spreading de-icing agent, so that the pavement concrete is continuously subjected to the erosion of the deicer-containing aqueous solution [2] [3] [4] .
In order to ensure the reliable performance of roads or field roads, the road surface in cold regions is inevitably subjected to various erosive effects of residual water solution for deicing and snow removal, especially in the case of repeated freezing and thawing, the frost heaving effect of the aqueous solution penetrating into the concrete surface is Damage to the surface structure often becomes the most important factor leading to rapid deterioration of its state. For the airport road surface that must be navigable in cold regions, the aqueous solution produced by the aircraft in addition to ice and snow operations has more erosion and freezing and thawing of the road surface.
It is different from the frost heaving damage of ordinary water-immersed icing on the pavement. It is more complicated to repeatedly suffer from the damage caused by the concrete containing the de-icing agent aqueous solution and the frost heaving. First, the aqueous solution containing the deicer usually freezes at a lower temperature, and the cold water freezes to generate an expansion stress. Secondly, the defoaming agent after the water volatilization reacts with the pavement, and the crystallized solid remains in the concrete. The physical effects of the structure will aggravate its damage to the pavement concrete [5] [6] . Obviously, the influence of the deicer-containing aqueous solution on the surface of the concrete and the practical performance after invading the concrete surface layer can not be ignored, and even becomes a key factor determining the service life of the pavement. In order to maximize the service life of the pavement, it is necessary to conduct in-depth research on the durability of concrete pavement in the environment containing de-icing agent aqueous solution. Firstly, it is necessary to find out the mechanism and law of the deicing agent-containing aqueous solution to the freezing and thawing damage of concrete. In order to provide a lesser environment for the damage effect on the pavement, and to improve the pavement concrete structure and material properties to improve its resistance to deicer-containing solutions, provide a theoretical basis.
Experimental Exploration

Deicer main ingredient and its properties
Ethylene glycol solution is often used as deicing fluid because it has the effect of lowering the freezing point of water. Considering the deicing liquid with ethylene glycol as the main component, it has the following three differences with respect to water: 1) The freezing rate of ice liquid is different; 2) the viscosity coefficient of deicing liquid at different temperatures will increase rapidly with respect to water;
Viscosity coefficient of ethylene glycol deicing fluid at low temperature According to the data manual "ASHRAE Handbook 2005" [7] , the viscosity of different concentrations of ethylene glycol solution with temperature changes with temperature as shown in Figure 1 : It can be seen from the figure that the viscosity of the ethylene glycol solution will increase rapidly at a lower temperature, so at a lower temperature, the viscosity of the higher concentration of the ethylene glycol solution will be larger, which may cause penetration into the concrete pores. More difficult. Therefore, the relatively low concentration solution of the high concentration ethylene glycol solution has less damage to the concrete.
Determination of the expansion ratio of different concentrations of ethylene glycol solution In this paper, the experimental determination of the freezing rate of the solution of ethylene glycol concentration of 3.5%, 15%, 25% is determined according to the different ethylene glycol solution freezing points given in "ASHRAE Handbook 2005" .
It can be seen from Fig. 2 that the ethylene glycol solution having a concentration of 25% has a freezing point of -12.7 ° C, and the lowest temperature of the freezing expansion rate test is set to -15 ° C. The test results are shown in Figure 3 : It can be seen from Fig. 3 that the solution will be slightly shrunk at the beginning of freezing due to heat expansion and contraction. As the temperature decreases, lower concentrations of deicing fluid and clear water rapidly freeze and swell. The higher concentration of deicing fluid has a slower freezing rate and a smaller expansion rate. The 25% ethylene glycol deicing fluid has a swelling rate of only about 2 percent after complete freezing.
Concrete freeze-thaw damage test Preparation and freeze-thaw test of concrete specimens The mixing ratio is (mass ratio): 1:1.81:3.84, the water-cement ratio is 0.38, and the admixture is AJF-6 retarding high-efficiency water reducing agent. The proportion of crushed stone is 4.75~16mm, accounting for 55%, 16~31.5mm. Accounted for 45%.
It has been found through experiments that the 3.5% concentration of ethylene glycol solution is the most serious damage to concrete freeze-thaw damage, and the high concentration damage is lighter. Next, we focus on the damage of concrete with a 3.5% concentration of ethylene glycol solution. The typical damage of the concrete surface after concrete freeze-thaw cycles at a concentration of 3.5% ethylene glycol solution is shown in Figure 4 . The damage of the corners of the concrete specimens was the most serious. After 30 freeze-thaw cycles, micro-cracks began to appear on the surface of the local corners. After 30 times of freezing and thawing, the corners peeled off.
Concrete undergoes freeze-thaw cycles to form micro-cracks on the surface, especially in the corners of concrete. When small micro-cracks appear, the ethylene glycol solution will enter the concrete interior and aggravate the concrete damage concrete. The variation of mass loss and relative dynamic elastic modulus under freeze-thaw cycles is shown in Figures 5 and 6 : It can be seen from the figure that as the number of freeze-thaw cycles increases, the freeze-thaw ablation of concrete with a lower concentration of ethylene glycol de-icing solution is more serious, and the relatively high concentration of ethylene glycol de-icing fluid freezes the concrete. Melting and denuding is weak, and it is not as good as freezing and thawing of concrete by clear water. Moreover, the higher the concentration of the ethylene glycol deicing liquid, the smaller the damage speed and the degree of damage to the concrete freeze-thaw damage, and the high concentration deicing liquid has the function of protecting the concrete relative to the clean water. Figure 6 shows that as the number of freeze-thaw cycles increases, the relative dynamic elastic modulus tends to decrease. The high concentration of ethylene glycol de-icing solution has no significant effect on the relative dynamic elastic modulus of concrete, while the 3.5% concentration of ethylene glycol solution is not obvious. The damage effect on concrete is more obvious, and its influence on the relative dynamic elastic modulus of concrete under freezing and thawing conditions is increasing.
Concrete Two-dimensional Finite Element Simulation
There are many experiments and data for the destruction of concrete, but considering the long period of the test and the large loss, the finite element simulation of the two-dimensional concrete frost heaving damage is proposed by means of finite element software. Concrete is composed of aggregate and mortar. In the two-dimensional interface, we can divide the concrete into the contact surface of aggregate, mortar and mortar with aggregate and define it separately. The relevant parameters of the material are determined by experiment. The construction of the two-dimensional model has done a lot of research and analysis and achieved excellent results. Based on the method proposed by Wang Ben [8] , this paper carries out secondary development and establishes a two-dimensional concrete model of concrete to discuss the existence of tiny cracks in concrete. And when it is filled with alcohol deicing liquid, its expansion damages the concrete. Quantitatively discuss the effect of the depth and width of the crack on the damage.
Due to the many different types of cracks in the actual project, the depth and width of the cracks are not the same. According to the survey and data, there are some small cracks that are not used randomly in the concrete. The cracks have different positions at different positions:
1 .When the crack appears in the concrete mortar, its shape will be relatively shallow and narrow. 2. When the crack appears at the aggregate boundary, its shape will be wider and deeper. In order to explore the effects of different cracks on the internal damage of the concrete during freezing and thawing, the freeze-thaw damage to the concrete inside is carried out at different crack depths and widths. After the simulation analysis, there is a significant inflection point of the concrete crack depth when it is subjected to freeze-thaw. Therefore, the influence of different crack depths on the concrete's freeze-thaw damage is further explored. Assume that the crack width is set to 0.15 mm and the number of damage to concrete when subjected to 50 freeze-thaw damages when the depth is 2.5 mm, 5 mm, 7.5 mm, 10 mm, 12.5 mm, and 15 mm, respectively. The simulation result curve is shown in Figure 8 : Further simulation analysis showed that the concrete produced significant damage differences with different depths after 30 freeze-thaw cycles. Through simulation analysis, it can be concluded that when the crack depth is controlled to 5mm or less, the damage of concrete subjected to freeze-thaw damage can be significantly reduced.
Summary
1.
The low concentration deicing liquid in the concrete freeze-thaw cycle has a great damage to the concrete freeze-thaw.
2. Through experiments and finite element simulations, it can be concluded that the damage propagation in the crack will proceed along the weak inner surface of the concrete, mainly along the concrete aggregate.
3. Under the same conditions, the influence of the depth of the crack on the concrete damage is greater than the impact of the crack width on the concrete damage. The deeper crack will form the damage zone and extend to the surrounding.
